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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL NOTE D-1618 

PRESSURE DISTRIBUTIONS ON TIIREE R I G I D  WINGS 

SIMULATING PARAWINGS W I T H  VARIED CANOPY 

CURVATURE AND LEADING-EDGE SWEEP AT 

MACH NUMBERS FROM 2.29 TO 4.65 

By Paul G. Fournier 

SUMMARY 

An invest igat ion has been made a t  Mach numbers from 2.29 t o  4.65 i n  the 
Langley Unitary Plan wind tunnel t o  determine the chordwise pressure d i s t r ibu t ion  
a t  supersonic speeds of three parawing models through an angle-of-attack range 
from Oo t o  70’. Three r i g i d  metal models simulated a parawing which had a basic 
f l a t  planform with leading edges swept back 4 5 O .  
oped t o  have one-half-circle, one-third-circle, and one-quarter-circle curvature 
of the semispan t r a i l i n g  edges when viewed from downstream and resu l t ing  leading- 
edge sweeps of 6 1 . 5 O ,  52.5O, and 4 8 . 6 O .  The r e su l t s  of the invest igat ion are pre- 
sented as curves of chordwise pressure d is t r ibu t ions  a t  four  spanwise locations 
f o r  each model. 

These configurations were devel- 

INTRODUCTION 

The performance, s t a b i l i t y ,  and control  charac te r i s t ics  of parawings a t  sub- 
sonic, tmnsonic,  and supersonic speeds are  being studied a t  the Langley Research 
Center. Some preliminary work on the  paraglider and parawing concept i s  presented 
i n  references 1 t o  7. 

Widespread i n t e r e s t  i n  the parawing f o r  applications such as launch-vehicle 

Observations of parawing models 
recovery and terminal recovery of spacecraft  has necessi ta ted de ta i led  load- 
d i s t r ibu t ion  da ta  over a range of Mach numbers. 
i n  previous invest igat ions have shown t h a t  the shape the  canopy assumes i n  f l i g h t  
can be c lose ly  represented by portions of a conical surface. 
t ion,  r i g i d  metal models of varying curvature were constructed (one-half- - . ircle,  
one-third-circle,  and one-quarter-circle curvature of the semispan t r a i l i n g  edges 
when viewed from downstream) t o  measure the chordwise pressure d i s t r ibu t ion  over 
a Mach number range from low subsonic t o  high supersonic speeds. 

With t h i s  assump- 

Data on the pressure d is t r ibu t ions  f o r  low subsonic and transonic speeds on 
three paraglider models are presented i n  references 8 and 9, respectively.  



Although the term "paraglider" w a s  used f o r  t h i s  same configuration i n  refer-  
ences 8 and 9, the term "parawing" i s  used i n  the present paper since it i s  con- 
sidered a more appropriate term f o r  general use. Presented herein are  r e su l t s  
of an invest igat ion a t  Mach numbers from 2.29 t o  4.65 f o r  an angle-of-attack 
range from Oo t o  TO0 depending on the model and Mach number. 
the app l i cab i l i t y  and general charac te r i s t ics  of the data  i s  included. 

Some discussion of 

The coef f ic ien ts  and symbols used i n  the  presentation of the data  herein a re  
as follows: 
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pressure coeff ic ient ,  
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free-stream s t a t i c  pressure, lb/sq f t  

l o c a l  pressure, lb/sq f t  

dynamic pressure, $, lb/sq f t  P 
free - s t re  am ve l o c i  ty, f t  /se c 

distance along l o c a l  projected chord, in .  

distance above kee l  reference plane (horizontal  plane through keel 
center  l i n e ) ,  in .  

nominal angle of a t tack  r e l a t ive  t o  the keel  center  l ine ,  deg 

air density, Slugs/cu f t  

DESCRIPTION OF MODEL 

Pressure d is t r ibu t ions  were obtained on three l/lO-inch-thick metal and p las  
models constructed t o  simulate a range of conical shapes t h a t  the present t y p  

of parawing might assume i n  f l i g h t .  These models are  the same models t h a t  were 
used i n  the invest igat ions of references 8 and 9. The models had a basic f l a t  
planform with leading edges swept back 45' (area of 1 square f o o t ) .  These con- 
f igurat ions were developed t o  have one-half-circle, one-third-circle,  and one- 
quarter-circle  curvature of the semispan t r a i l i n g  edges when viewed from 
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downstream and resu l t ing  leading-edge sweeps of 61.5', 52.5', and 48.6'. Photo- 
graphs of the models are  presented in  f igures  1 and 2. 

The difference i n  curvature w a s  accomplished by development of the panels of 
each model around a r i g h t  c i r cu la r  cone. (See f i g .  3.)  The resu l t ing  models with 
panels forming one-half of a conical surface, one-third of a conical surface, and 
one-quarter of a conical surface are designated as models 1, 2, and 3, respec- 
t ive ly .  Geometric charac te r i s t ics  of a l l  three models are presented in  f igure  4. 

The r igh t  and l e f t  panels f o r  each model were welded t o  a hollow center kee l  
which car r ied  s m a l l  pressure tubes t o  the canopy. The right panel had the lower 
surface pressure o r i f i c e s  (including those on the leading edge and t r a i l i n g  
edge), and the l e f t  panel had the upper surface pressure o r i f i ce s .  me locations 
of the o r i f i ce s  a t  each of the four  spanwise s ta t ions,  given i n  f r ac t ion  of l oca l  
projected chord, are presented i n  f igure 5. In  addition, these o r i f i c e  locations 
are  given i n  terms of v e r t i c a l  distance from the kee l  reference plane and longi- 
tud ina l  distance along the keel.  

P l a s t i c  leading edges o f  approximately 3/8-inch diameter were cas t  t o  each 
An auxi l ia ry  strut extended below the  reference plane of the models. model. 

(See f ig s .  1 and 2 . )  
edge of t h e  model i n  order t o  reduce the f lexure of the parawing panels. 
believed t h a t  the s t r u t  had some e f f e c t  on the pressure data  a t  these supersonic 
speeds, espec ia l ly  a t  the higher angles of attack; however, the e f f e c t  of the  
strut  w a s  not determined. 

Wires were attached from the auxiliary strut t o  the leading 
It i s  

AF'PAFWITJS, TESTS, AND CORRECTIONS 

The sting-supported models were t e s t ed  i n  the Langley.Unitary Plan wind tun- 
nel, which i s  a variable-pressure return-flow tunnel. The tunnel had a t e s t  sec- 
t i on  which w a s  4 feet  square and approximately 7 f e e t  i n  length. 
leading t o  the t e s t  sect ion i s  an asymmetric sliding-block-type nozzle, and the 
Mach number may be varied continuously through a range from 2.29 t o  4.65. 
d e t a i l s  of the wind tunnel may be found i n  reference 10. 

The nozzle 

Further 

The present parawing models were t e s t ed  a t  Mach numbers of 2.29,. 2.96, 3.95, 
and 4.65. 
mately 1 . 4  X lo6 t o  2.6 X 106 f o r  the range of t e s t  Mach numbers. 

The Reynolds number based on the model kee l  length varied from approxi- 

The angles of a t tack  have not been corrected f o r  s t i ng  bending due t o  loads 
on the model; however, it w a s  estimated t h a t  the maximum correction would be about 
0.2O a t  maximum loads. The angles of a t tack  indicated on the pressure p lo t s  are 
nominal angles of a t tack  and should be corrected f o r  flow angular i ty  by adding the  
flow misalinement angle indicated i n  the following t ab le  t o  the nominal angle: 
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I Mach number I Misalinement angle, deg I 

1 4.65 3.95 I 
The t e s t  angles of a t tack  w e r e  not always the same f o r  the d i f f e ren t  models 

a t  a pa r t i cu la r  Mach number ( fo r  example, see f ig s .  6(c) ,  7(c),  and 8(b) ) ,  because 
i n  some cases vibrat ion of the  model and tunnel flow conditions prevented data  
points from being taken a t  these conditions. 

PRESENTATION OF DATA 

Data on the three parawing models through the Mach number range and angle-of- 
attack range are presented i n  f igures  6 t o  8 as plots  of pressure coef f ic ien t  
as a function of f rac t ion  of l o c a l  chord projected t o  the plane of the leading 
edge and kee l  x / c .  
i s  presented as w e l l  as a f e w  comments on the general charac te r i s t ics  of the data. 
It should be kept i n  mind t h a t  the e f f e c t  of the auxi l ia ry  s t r u t  has not been 
determined i n  the presentation of these data .  

Cp 

A shor t  discussion of the app l i cab i l i t y  of the pressure data 

DISCUSSION 

Parawings now being considered f o r  recovery of launch vehicles and spacecraft 
appl icat ion have e i t h e r  large inf la tab le  kee l  and leading edges or  s m a l l  metal- 
tube kee l  and leading edges. It i s  believed tha t  the data on the  three r i g i d  
parawings of the present paper w i l l  more closely simulate the loads expected on 
fixed-sweep configurations with r i g i d  keels  and leading edges of small diameter. 

The pressure coef f ic ien ts  f o r  supersonic speeds a t  low angles of a t tack  (up 
t o  loo or  15' depending on the par t icu lar  wing) indicated t h a t  negative l i f t  was 
car r ied  on the  e n t i r e  wing surface. This cha rac t e r i s t i c  a t  low angles of a t tack  
w a s  noted i n  the  data  of references 8 and 9 (subsonic and transonic speeds) and 
i s  a r e s u l t  of the camber and t w i s t  (washout) shown i n  f igure  5 .  This would be 
impossible f o r  a f l ex ib l e  surface and indicates  an angle-of-attack l imitat ion f o r  
t h i s  type of fixed-sweep parawing. However, these data  would be useful  f o r  r i g i d  
conical wings. 

The pressure-distribution curves a l so  indicate,  i n  general, t h a t  the overa l l  
loads a t  the various spanwise s t a t ions  decrease with increasing spanwise distance. 
The loss  i n  spanwise loading increased with increasing amount of curvature of the  
canopy. This type of span loading would be expected from the considerations of 
the  spanwise t w i s t  var ia t ions shown i n  f igure 5. Because of the spanwise t w i s t ,  
angles of a t tack  of 2 5 O  t o  40° (depending on the wing configuration and Mach 
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I 

1 number) were required t o  eliminate completely negative l i f t  on the  leading-edge 
I portion of t he  wing surface a t  the t i p s .  

In  cont ras t  t o  the  pressure d i s t r ibu t ions  of references 8 and 9, those of 
the present inves t iga t ion  ind ica te  t h a t  the magnitude of the  upper surface pres- 
sures diminishes whereas the  magnitude of lower surface pressures increases  with 
increasing supersonic Mach number, an indicat ion t h a t  t he  lower surface d i s t r i -  
bution determines the l i f t  cha rac t e r i s t i c s  of the wing, as would be expected f o r  
supersonic flow. 

CONCLUDING REMARKS 

An invest igat ion has been made of the chordwise pressure d i s t r ibu t ion  a t  
Mach numbers from 2.29 t o  4.65 of three r i g i d  metal models simulating a parawing. 
In  general the da ta  indicated a l o s s  of loading with increasing spanwise distance. 
This spanwise loss i n  loading increased with increasing amount of curvature of the  
canopy. Also, as expected f o r  supersonic flow, the  present da t a  indicate  t h a t  the 
lower surface c a r r i e s  an increasing amount of load with increasing Mach number. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Hampton, Va. ,  December 14, 1962. 
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(a) Side view. 6 6 1 -  1732 

Figure 1.- Typical test'  setup. 
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(b) One-quarter f r o n t  view. L61-1731 

Figure 1. - Concluded. 
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M o d e l  I 

Figure 3.- Development of  paragl ider  panels. Linear dimensions a r e  i n  inches. 
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( a )  Model 1. 

Figure 5.- h c a t i o n  of lower and upper surface o r i f i c e s  designated i n  f r a c t i o n  of l o c a l  projected 
chord c. 



(b) Model 2. 

Figure 5.- Continued. 
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( c )  Model 3. 

Figure 5. - Concluded. 
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